Abstract. Human HCC cell lines (BEL-7402, SMMC-7721 and QGY-7703) do not express CD80 molecules, although they express MHC class I molecules and ICAM-1. HCC's poor immunogenicity may therefore be due to lack of CD80 molecules. This study first investigated whether CD80 molecules could provide minimal co-stimulatory signal for establishing an efficient anti-tumor immunity in HCC and second, whether the transfection of CD80 into the BEL-7402 cell line could induce T cell activation for targeting other HCC cell lines expressing shared common antigens. The transfection of cDNA encoding CD80 into ICAM-1 + HCC BEL-7402 cells was confirmed by flow cytometrical analysis. The CD80-tranfected cells could enhance the immunogenicity of BEL-7402 cells as detected by T cell proliferation assay, and also activated the T cells at a higher proliferation rate comparing with the BEL-7402 cells transfected with vector only. The CD80-transfected cell line was also found able to activate T cells which subsequently induced cell lysis of SMMC-7721, QGY-7703 and parent BEL-7402 cell lines as detected by cytotoxicity assay. It can be concluded that the cytotoxicity was due to MHC class I restricted CD8 + cytotoxic T lymphocytes, but not natural killer (NK) cells, since this cytotoxic effect could be blocked by anti-MHC class I antibody and the cytotoxicity was shown very low in NKcell-sensitive K562 cell line. Electroporation of CD80 cDNA into human HCC cells could increase the expression of the functional CD80 molecules and enhance the immunogenicity of the genetically-modified HCC cells to activate T cells for targeting 3 HCC cell lines in an HLA-restricted manner.
Introduction
Hepatocellular carcinoma (HCC) is the third most common cause of cancer death in China (1) and ranks as the fifth most frequent malignancy in the world, accounting for almost 1 million deaths annually (2, 3) . HCC rarely responds to conventional cancer treatment such as radiation therapy or chemotherapy, and usually causing death within several months of detection (4) . Several types of immunotherapy including lymphokine-activated killer (LAK) cell injections have been used for HCC treatment. However, no satisfactory results were obtained (5) (6) (7) (8) , as HCC is generally considered a very non-immunogenic cancer.
Accumulating evidence suggests that the lack of ability of the host immune system to eradicate tumors is not totally due to the absence of recognizable tumor antigens, but rather the inability of these antigens to stimulate an effective immune response (9) . To overcome this problem, an approach involves the engineering of tumor cells to express the costimulatory molecules of the B7 family. Tumor-specific T lymphocytes recognize peptides derived from proteins synthesized by tumor cells and present them on their cell surface by MHC molecules (10) . However, T cells require 2 activating signals to express full effector functions (11) . Signal 1 is generated when the T cell receptor (TCR) interacts with the MHC-peptide complex, and signal 2 is provided by co-stimulatory molecules expressed by professional antigen-presenting cells (APCs). In the absence of co-stimulation, T-cell receptor antigen interactions appear to induce an anergic state in T cells (12) . CD80, one of the co-stimulatory molecules, may need to synergize with other co-stimulatory molecules such as ICAM-1 to reach a critical activation threshold in the responding T cells. One of the most characterized reactions involving costimulatory molecules is the interaction of ICAM-1, expressed on APC with LFA-1 presented on T cells (13) .
Although many cancer strongly express HLA class I antigens (which is generally the first signal), they do not express co-stimulatory molecules, particularly in HCC (14) , thus failing to activate tumor-specific T lymphocytes due to lack of the second signal (i.e. signals from co-stimulatory molecules) (15) (16) (17) . This finding has provided a rationale for the introduction of genes encoding co-stimulatory molecules into tumor cells to increase their immunogenicity and vaccination potential. Among the different co-stimulatory molecules, CD80 molecules are of particular interest, since they are predominantly expressed on professional APCs, and play an integral role in activating T cells by interacting with T cell-receptors (18, 19) , CD28 molecules (20) , and cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) (21) .
In the present study, the human CD80 gene was cloned into a mammalian expression vector using a human spleen cDNA library as a template. The constructed plasmid was stably transfected into the ICAM-1 + human HCC BEL-7402 cells by electroporation. Our results showed that the CD80 transfectant could prime naïve T cells to induce MHC class I restricted lysis of targeted HCC cells expressing shared tumor antigens with the transfected cell line. We believe that the CD80 transfected cell line may be a promising approach of priming HCC patient's T cells to target autologous tumors which express shared tumor antigens. This study raises the possibility of an alternative immunotherapy against poorly immunogenic HCC.
Materials and methods
Cell lines and cell culture. Human HCC SMMC-7721, QGY-7703, BEL-7402 and human erythroleukemia, K562, cell lines were cultured in RPMI-1640 medium (Gibco) supplemented with 10% heat-inactivated fetal bovine serum (Gibco), 2 mM L-glutamine (Gibco), and 100 units/ml penicillin and 100 µg/ml streptomycin (Gibco) in a humidified atmosphere of 5% CO 2 at 37˚C.
cDNA cloning and transfection. To construct the CD80 expression plasmid, full length cDNA of human CD80 was subcloned into multi-cloning sites of a eukaryotic pcDNA3 expression vector. The recombinant CD80 plasmid was designated as pcDNA3/B7-1, which contained a human cytomegalovirus (HCMV) promotor for high-level transcription in mammalian cells, and a neomycin resistance gene for drug selection. BEL-7402 cells were transfected with either pcDNA3 or pcDNA3/B7-1, respectively, and G418-resistant clones were isolated and amplified after G418 selection (0.2 mg/ml, Calbiochem). Cells transfected with pcDNA3/B7-1 were named BEL-7402/B7-1. Cells transfected with pcDNA3 vector only, designated as BEL-7402/pcDNA3 cells, served as the control for the experiment.
In cloning of human CD80 cDNA, marathon-ready human spleen cDNA (Clontech) was used as the template for polymerase chain reaction, using specific oligonucleotides encompassing the entire open reading frames. The following PCR primers were used: human CD80 sense 5'-AGCTGG ATCCAGCATGGGCCACACACGGAGG-3', human CD80 antisense 5'-CGATCTCGAGCTATACAGGGCGTACAC TTTC-3'.
Polymerase chain reaction was performed with the following profile: 60 sec at 95˚C, 60 sec at 60˚C, and 90 sec at 72˚C for 30 cycles, followed by a last 10 min cycle at 72˚C. The PCR products were subcloned into pcDNA3-Neo mammalian expression vector (Invitrogen). For transfections, 10 7 exponentially growing tumor cells were resuspended in 0.5 ml of serum free ice-cold RPMI-1640 medium containing 2 µg of BglII linerized plasmid DNA pcDNA3/B7.1 and pcDNA3, transferred to 0.4-mm electroporation cuvettes (BioRad, Richmond, CA) and put on ice for 5 min. Then the cells were electroporated at 250 V, 960 µF using a Bio-Rad gene pulser  (Bio-Rad). The cuvettes were put on ice for 10 min after electroporation. Cells were plated in 100 mm-plates and incubated at 37˚C for 48 h. Selection was then applied with 200 µg/ml G418 (Calbiochem). Fresh medium and neomycin were refreshed every 3 days. After 30-day culture in selection medium, the BEL-7402 cells expressing CD80 were sorted on a FACS Vantage cell sorter (Becton-Dickinson) (22) and the CD80 expression was evaluated by flow cytometry analysis.
Isolation of peripheral blood mononuclear cells and preparation of human T cells.
Peripheral blood mononuclear cells (PBMC) were isolated from freshly collected blood of healthy donors (Hong Kong Red Cross Blood Transfusion Centre) by Ficoll-Hypaque (1.077 g; Pharmacia) density gradient centrifugation. The PBMC were washed with PBS and resuspended in RPMI-1640 supplement with 10% FBS. They were plated in 6-well tissue culture plates (Falcon) at a density of 2x10 6 cells per well and incubated at 37˚C for 2 h prior to experimentation.
After 2 h-incubation, the non-adherent PBMCs were removed by washing with PBS, and the T cells were isolated from these non-adherent PBMCs by nylon-wool separation according to the protocol stated by the manufacturer (Polysciences).
HLA typing. The total DNA of SMMC-7721, BEL-7402, QGY7703 and BEL-7402/B7-1 cells were isolated using DNA isolation kit (Puregene  ). The HLA alleles of the 4 cell lines were identified by the Bag Histo Type SSP kits (BagGermany).
Flow cytometry. The CD80 expression was performed after transfection. The cells were detached by 5 ml of 5 mM EDTA in PBS and washed with PBS twice. The cells were incubated with murine monoclonal antibodies against HLA-ABC (MHC class I; Pharmingen), CD80 (Pharmingen), CD86 (Pharmingen) or ICAM-1 (Pharmingen) at 4˚C for 1 h. After washing the cells with PBS twice, the cells were incubated with FITCconjugated goat anti-mouse IgG (Zymed) in PBS with a 1:50 dilution and incubated for 30 min at 4˚C. The cells were washed again with PBS twice and then resuspended in 0.5 ml 2% paraformaldehyde. Cells with the isotypical mouse Ig (Pharmingen) acted as a negative control.
T cell proliferation assay. The stimulatory effect of CD80-transfected BEL-7402 cells (BEL-7402/B7-1) on T cells was determined by T cell proliferation assay (4). BEL-7402/B7-1 and the control cell line BEL-7402/pcDNA3 (BEL-7402 transfected with vector only) were irradiated with 30 Gy of Á-radiation under a blood irradiator (Noridon Gama-Elite) and co-cultured for 96 h with T cells which had been isolated from nylon wool. After 96 h, 1 µCi tritium thymidine was pulsed for 18 h and then the cells were harvested. The amount of tritium incorporated in the DNA was detected by liquid scintillation counter (Beckman LS6500).
Enzyme-linked immunosorbent assay (ELISA).
For the determination of Á interferon (IFN-Á) in the supernatant of the cultured T cells, T cells were co-cultured with BEL-7402/B7-1 and BEL-7402/pcDNA3 respectively in a 24-well tissue culture plate. The supernatant was harvested at day 2, 4 and 6, respectively, and stored at -20˚C. When feasible, the supernatant was assayed for the presence of IFN-Á using ELISA kits (Pharmacia) according to the manufacturer's protocol.
In vitro cytotoxicity test. The functional assay of CD80 transfected cells was determined by cytotoxicity test. BEL-7402/B7-1 and BEL-7402 /pcDNA3 were irradiated with 30 Gy and then co-cultured with fresh human T cells which were isolated from nylon column at a 10:1 ratio (T cells: target cells) in the presence of 20 U/ml hIL-2 (Shanghai Hua Xin High Biotechnology Inc) for 14 days in 24-well tissue culture plates at 37˚C in a humidified atmosphere containing 5% CO 2 . At days 3 and 6 of culture, 1 ml of culture medium was removed and replaced with 1 ml of fresh complete medium containing hIL-2 (20 U/ml). After 7 days of culture, the same number of irradiated BEL-7402/B7-1 and BEL-7402/pcDNA3 cells as in the previous priming were added to the wells, respectively. Cytotoxic effector lymphocytes were harvested after 14 days of incubation and subjected to cytotoxicity assay of stimulated cells. The stimulated T cells were isolated using Ficoll gradient centrifugation to remove the dead cell debris and used as effector cells in the LDH cytotoxicity assay. SMMC-7721, QGY-7703, BEL-7402 and K562 cells (10 4 cells per well) were used as target cells in the assay. After washing the effector cells and target cells by assay medium (RPMI-1640 with 1% BSA), the effector cells were cocultured with target cells in a 96-well round bottom plate (Falcon) for 6 h at 37˚C in a humidified atmosphere containing 5% CO 2 . In the indicated experiment, anti-MHC class I mAb (W6/32; Pharmingen) was incubated with the target cells for 30 min at 37˚C before addition of effector cells. After 6 h, the plates were centrifuged and the supernatant was transferred to another flat-bottom ELISA plate (Falcon). Lactate dehydrogenase (LDH) detection mixture (100 µl) (Roche) was added to each well and incubated in the dark for 30 min at room temperature. The absorbance of the samples was measured by an ELISA reader at 490 nm and the reference wavelength was 630 nm. The spontaneous release of LDH by target cells or effector cells was assayed by incubation of target cells in the absence of effector cells and vice versa. The maximum release of LDH was determined by incubation of target cells in 1% Triton X-100 in assay medium. The percentage of cell mediated cytotoxicity was determined by the following equation: cytotoxicity (%)= [(effectors and targets mix -effectors controlspontaneous)/(maximum -spontaneous)] x100.
Statistical analysis. Statistical analysis of the CTL assay was performed with a 2-tailed Student's t-test. Values of p<0.1 were regarded as significant.
Results

CD80 and MHC class I expression in CD80 transfected BEL-7402 cells.
The expression of surface molecules on BEL-7402/B7-1 and BEL7402/pcDNA3 was examined by flow cytometry (Fig. 1) . As shown in Fig. 1a , BEL-7402/B7-1 cells expressed CD80 molecules, MHC class I molecules and adhesion molecule ICAM-1, but did not express B7-2. In contrast, BEL-7402/pcDNA3 expressed MHC class I molecules and ICAM-1 only, but not CD80 or B7-2 (Fig. 1b) . Furthermore, we examined whether transfection of human CD80 gene into BEL-7402 cells had any effect on T cell proliferation, but we found that BEL-7402/B7-1 and BEL-7402/pcDNA3 cells exhibited the same growth rate as BEL-7402 cells, thus it did not seem to affect cell proliferation (data not shown). The level of CD80 expression by the stable transfected BEL-7402/ B7-1 cells remained consistent for up to 6 months.
Stimulation of T cell proliferation by BEL-7402/B7-1 cells.
To determine whether the BEL-7402/B7-1 cells are more effective in stimulating T cells than BEL-7402/pcDNA3, the irradiated BEL-7402/B7-1 cells were co-cultured with normal donor T cells isolated by nylon wool column from non-adherent PBMCs. As a control, T cells were co-cultured with irradiated BEL-7402/pcDNA3 cells. T cells were incubated with the cell lines for 96 h to test the proliferation of T cells. The results show a dramatic stimulation of T cells by the BEL-7402/ B7-1 cells (Fig. 2A) . The BEL-7402/pcDNA3 cells stimulated T cell proliferation slightly ( Fig. 2A) , perhaps due to the presence of some APCs in the T cells isolated from nylon wool. These findings demonstrate that transfection of human costimulatory element CD80 into HCC BEL-7402 cells results in an increase in the immunogenicity of the BEL-7402 cells and stimulation of a specific T cell response, whereas transfection of the vector pcDNA3 into BEL-7402 did not increase the immunogenicity of BEL-7402 cells. (Fig. 2B) . Fig. 3B and D) . In contrast, T cells stimulated with irradiated BEL-7402/B7-1 cells were more effective in inducing cytotoxicity towards 3 targeted HCC cells (Fig. 3A and C) . In a subset of experiments, effector T cells from the healthy donor primed with BEL-7402/B7-1 cells were also tested for cytotoxic activity against natural killer (NK) cell susceptible K562 target cells. The results showed that the cytotoxic activity of the effector cells against K562 cells is lower than that against the 3 HCC cells, implying that this cytotoxicity is not due to the NK cells.
Activation of specific T cells to secrete IFN-
Generation of MHC class I restricted antitumor CTLs targeting 3 HCC cell lines using T cells primed with BEL-7402/B7-1. T cells incubated with irradiated BEL-7402/pcDNA3 cells exhibited a low level of target cells lysis (
To determine whether the lysis of tumor targets had an MHC-restricted component, anti-HLA-ABC antibody (W6/32) was added at a final concentration of 10 µg/ml to BEL-7402 cells. As shown in Fig. 2C and D (Table I) . While QGY-7703 cells are A24 and A68 in locus A (Table I) . These therapy can be used with partial success (24) , but greater success is anticipated if the vaccine encompasses a broader array of tumor antigens (24) . We assume that human hepatocellular carcinoma may share some of the antigens which have been identified as being able to be targeted by cytotoxic T lymphocytes. For example, human melanoma antigen MAGE-1 and MAGE-3 are expressed in 70% of HCC patients (25) . The melanoma cell lines express shared melanoma antigens which can be recognized by a T cell clone (26) . We assume that there are some shared HCC antigens expressed among the HCC cell lines. We found that all of the HCC cell lines we used are positive for expression of MAGE-1 and MAGE-3 (data not shown). In this experiment we attempted to use a laboratory established HCC cell line to activate human T cells to become CTLs and then to target 3 other HCC cell lines which may express the shared antigens with the first cell line.
Tumor cells usually do not induce immune responses but rather escape from the systemic immune mechanism. This is thought to result from the lack of MHC molecules (27) , and costimulatory molecules (28) in tumor cells. The necessary components for effective T cell stimulation by antigen include recognition of the peptide which is presented by MHC molecules and interaction with co-stimulatory molecules on the antigen-presenting cell such as dendritic cells (4) . We found that 3 human HCC cell lines SMMC-7721, QGY-7703 and BEL-7402 strongly express HLA class I, but do not express CD80 molecules on their surface (Fig. 1) . These results suggest that lack of costimulatory molecules CD80 rather than lack of MHC expression may be the cause of the inability of the HCC cells to induce antitumor immunity.
In the present study, human CD80 gene was transfected into human HCC cell line BEL-7402 in order to increase its immunogenicity. Previously reported studies using CD80 gene to modify immunogenicity have been reported. Stimulating melanoma cells were modified with cDNA for CD80 by lipofection (29) or by infection using a potentially antigenic retroviral vector (30) . In the present study, we extend these findings and it is the first time that a non-antigenic means (electroporation) of direct gene transfer was used to modify the human HCC cell line.
In our T cell proliferation assay, results show that the uptake of radiolabeled 3 H-thymidine was greater in T cells cultured for 96 h with irradiated BEL-7402/B7-1 cells than in T cells cultured with the control cell line BEL-7402/pcDNA3. This means that transfer of human CD80 gene into BEL-7402 cells can increase immunogenicity and cause T cells to have a higher proliferation. This proliferation is positively correlated with the cytotoxicity test (Fig. 3) . BEL-7402/pcDNA3 cells stimulated T cell proliferation slightly ( Fig. 2A) , perhaps due to the presence of some APCs in the T cell isolation from nylon wool which removed the B cells only. These APCs display the allogenic MHC antigen and tumor antigens of the BEL-7402 cells to the T cells and stimulate their proliferation. Furthermore, the T cells activated by BEL-7402/B7-1 secreted much more IFN-Á than that of the control cell line (Fig. 2B) . Recent research found that IFN-Á secretion is another indication of CTLs activation (31) , demonstrating a Th1 recall response (32) .
The purpose of transfecting HCC tumor cell lines with CD80 cDNA was to increase the ability of the tumor to activate anti-HCC T cell cytolytic activity. The results of the present study demonstrate that the cytolytic activity of normal donor T cells was enhanced when T cells were stimulated by HCC cells transfected to express CD80. The stimulated effector cells were able to lyse 3 HCC cells: SMMC-7721, QGY-7703 and BEL7402, respectively. This result implies that CD80 transfected BEL-7402 can activate the naïve T cells by the antigens displayed on its cell surface and that these antigens may be shared among these 3 HCC cell lines.
We found that this cytolytic activity is HLA-class-I restricted, as it was blocked by addition of anti-HLA ABC antibody. Furthermore, the cytotoxic effect of the effector cells on K562 cells is very low compared with its effect on the 3 HCC cell lines. This means that this cytotoxic effect is due to CD8 + cytotoxic T lymphocytes, not NK-cells. Although the target cells we used in the experiment have the same HLA molecules in at least 1 locus (Table I) , they have mismatched HLA molecules in other loci. Using BEL-7402/ B7-1 cells to prime naïve T cells can target all these target cells imply that they have the shared tumor antigens expressed in the same HLA molecule complexes or they formed a peptide-HLA complex structure that may fit into the groove of that T cell receptor. The recent literature shows that T cells recognize antigens in the form of whole peptide-HLA complexes which can fit into the groove of TCR (33) . The present study implies that the 3 HCC target cell lines we used have the same molecular structure as the peptide-HLA of BEL-7402/B7-1 cells. Moreover, they have the same HLA molecules in at least 1 locus, thus they may present the shared tumor antigens by the same HLA molecules that can be recognized by the primed T cell receptor.
Recent reports have demonstrated that both CD80 and ICAM-1 are necessary to induce an efficient primary tumor rejection. CD80 alone cannot induce the primary rejection of the nonimmunogenic B16.F1 cell lines (34) . Therefore, we transfected the human CD80 gene into the ICAM-1 positive HCC cell line BEL-7402 for our experiment. Moreover, we found that all 3 human HCC cell lines SMMC-7721, QGY-7703 and BEL-7402 cells express ICAM-1 on their surface. The poor immunogenicity of human HCC is likely due to lack of CD80 expression rather than lack of ICAM-1 molecules.
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- ------------------------------------------------ that CD80-transfected human HCC cells can elicit potent cytolytic activity by allogenic effectors. We observed significant lysis of 3 HCC cell lines which may be due to display of the shared antigens as the CD80-transfected cell line. Recent reports have shown that allogenic melanoma cells transfected with human CD80 cDNA can function as stimulator cells to elicit enhanced cytolytic activity by allogenic PBMC (13) . Therefore, using an allogenic cell line to activate the patient's PBMC for cancer immunotherapy may be a future trend as it does not require as much time and effort as does isolating the patient's cancer cells to establish the patient's cell line. The present study shows that the HCC cells BEL-7402/B7-1 share some of the antigens which can activate the T cells to target other HCC cells (SMMC-7721, QGY-7703, BEL-7402) express the same shared antigens. We hope that this idea can be evaluated in clinical trials as it may be more cost-effective than the immunotherapy currently used.
